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1 Introduction

This document is intended to provide additional information supplementing reference

[1]. The discussion describes the details of the implementation of the proton nonelastic

cross section parameterization[2] for LAHETTM usage. It also documents extensions of

the method to stable nuclei with 2 � Z � 5.

2 Equations of the Parameterization

As noted in reference [1], the equations quoted in [2] are incorrect. However, a corrected

set[3] was obtained, implemented, and veri�ed. The actual equations used to produce

the proton nonelastic cross sections for isotopes with Z � 6 are the following.

E � incident proton energy (GeV)

r0 = 1:36

b0 = 2:247 � 0:915(1 �A�1=3)

s0 = 10�r0
2(1 +A1=3 � b0(1�A�1=3))

�0 = s0 ln(A� Z)
1 � 0:15e�E

1 � 0:0007A

p1 = 8(1 �A�1 � 0:001A)

p2 = 2(1:17 � 2:7A�1 � 0:0014A)
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p3 = 0:8 + 18A�1 � 0:002A

p4 = 8(0:7 � 0:002A)

p5 = 1:37(1 +A�1)

F1 =
1

1 + expf�p1(log10E + p2)g

F2 = 1 + p3

 
1�

1

1 + expf�p4(log10E + p4)g

!

� = �0F1F2 (millibarns)

3 Modi�cations for 2 � Z � 5

For Z � 5, the proton nonelastic cross sections obtained from the above parameteriza-

tion diverge greatly from the data of reference [4]. To extend the range of the method

to lighter isotopes, the the adjustments shown in Table 1 are applied.

Z A �0 p1 p2 p3 p4 p5
5 - �0 p1 p2 + 0:3 2p3 0:8p4 p5 + 0:3

4 - �0 0:7p1 p2 + 0:25 7:5p3 0:6p4 p5 + 0:7

3 7 1:1�0 0:7p1 p2 + 0:3 8p3 0:65p4 p5 + 0:65

3 6 1:3�0 0:7p1 p2 + 0:3 12p3 0:8p4 p5 + 0:5

2 4 1:25�0 2:3p1 p2 + 0:55 4p3 0:65p4 p5 + 0:7

2 3 �0 2p1 p2 + 0:9 4p3 0:65p4 p5 + 0:7

Table 1: Parameter modi�cations for 2 � Z � 5

These adjustments were obtained rather quickly by an entirely empirical, trial-and-

error method. The resulting cross sections are shown in Figure 1, along with the data

used to obtain the �t. The comparison is good, except for Z = 2 which shows need for

improvement.

4 Maximum Proton Nonelastic Cross Sections

The tracking algorithm used in LAHET requires the use of some energy independent

�max(A;Z) such that

�max(A;Z) > �(A;Z;E)
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for all energies. The following approximation was found that satis�es the need without

introducing unnecessary ine�ciency into the transport process for protons.

�max = s0 ln(A� Z)(1 + 2A�1 � 0:0026A)

where s0 is calculated as in Section 2. This expression applies for all nuclei with Z � 6.
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Figure 1: LAHET parameterization of proton nonelastic cross sections for light isotopes

compared with the Barashenkov data compilation[4].


